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A NEW PATH TO GROWTH

. Dynamic analysis of ships steering gear

Introduction

e Assystem UK Ltd (AUK) have undertaken a time domain dynamic analysis
approach for the pressure pulse on externally mounted equipment and, in the
same analysis, the shock event on internally mounted equipment.
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Dynamic analysis of ships steering gear

Description

e The rudders are semi spade (mariner) type. Each rudder is controlled by two
double acting hydraulic rams which turn the tiller arm and are connected to the
tiller load reaction sub assembly. A link bar is included that connects the port and
starboard tiller arms and provides additional redundancy in the operation of the

steering gear system.
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Dynamic analysis of ships steering gear

Finite Element Analysis

e The mesh was generated using Altair HyperMesh.

e HyperCrash was used to define the finite element model.

e The dynamic event was carried out using the explicit finite element code
RADIOSS.

e The results were post-processed using HyperView.

e A combination of solid and shell elements were used.

e Rigid elements were included at the tiller pivot points.

Plastic material Elastic material

(magenta) (grey) \
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Dynamic analysis of ships steering gear

Interfaces

 Type 2 (bonded) interfaces
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Dynamic analysis of ships steering gear

Loads

e A pressure pulse was applied to the external surfaces
e The velocity impulse was applied to the cut boundary
e The pressure pulse was delayed by 5.2 ms before being applied to the port rudder
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Dynamic analysis of ships steering gear

Output Metrics
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e Section Forces —
* Seal Movement el | s \
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Dynamic analysis of ships steering gear

Solve

e The analyses were carried out for at least 70 ms, ie approximately three times the
time period of the loading (the applied velocity is zero after 23 ms).

e A time increment of 1.5 us was chosen, nodal mass was increased to ensure that
this time increment could be maintained and the model remained numerically
stable.

e Animation files were written every 0.5 ms, with time history data written every
25 ps. The analyses were carried out on a compute cluster with between 48 and
64 parallel cores. The double precision solver was used and the parallel
processing option with RADIOSS was enabled to ensure that the number and
location for the domains chosen for parallel solving would not affect the solution.
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Dynamic analysis of ships steering gear

Results
¢ Fore-aft results
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Dynamic analysis of ships steering gear

Results
e Athwartship results
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Dynamic analysis of ships steering gear

Results
e Vertical results

Contour Plot Model info: TRY33_run12  Contour Plot Model info: TRY33_run12
ii:fllasciirr;er;ttghjnag) 33_runl12A001 gi:;'asciirge?éhjnag) Result: C:/Projects/P14740_anim/TRY33/un1 2 TRYI3_runi 24001
[15_’?3%5;02 = D.DDDFDr:ﬁED? 1??30E102 Loadcase 1 : Time = D.DDDFDr::éD?
1.537E+02 B 537EHI2
=1 34EE+H12 L1 345E+02
— 1. 153E+12 —1.153E+02
— 3 BE09E+01 9 BO9E+01
—7 BATE+ ——7 BA7E+D1
=5 7REE+H1 5 TREE+D1
=3 844E401 =3 B44E+1
[1 G22E+01 [1 B22E+01
0.000E+00 0.000E-+00
x=1.730E+02 Max = 1.730E+12

ode 1067297 Mode 1067297
in = 0.000E-+10 Iin = 0.000E-+H10

de~t #19385 Mode 110935

Analysis system
[1 J30E+HD2

=—1.537EH12
=—1.345E+02
—1.153E+02
—S5.B0SE+01
—7.BE7E+H
—5.765E+H01

3.544E+H1
[1 S22E+H

0.000E+00

Ml = 1.730E+D2

de 1067297
in = 0.000E-+0
#9385

14 OUN assystem




Dynamic analysis of ships steering gear

Assessment

e Plasticity
e The acceptance criteria zero plastic strain, small plastic deformations of a
component are permissible providing these do not impair the function of the

£ > : i3 C_ontour Plat Model info: TRY33_run1l
g‘aslic train(Scalar pralue, Mid Result: C:/Projects, 1l = glspllacemem(Mag) Result: C:/Projects/P14740_anim/TRY3% runt UTRYI3_runt 14001
imple @verage EE nalysis system N,
“alug Rilter >= 1.00000E-15 Loadgase 1 : Time = 0.0000e 1 B49E 2 Loadease 1 : Time = 0.0000e+000
[1 D§OE-N2 Framel 1 SE Frame 1
[-58peEDs ; | B 205E+02
Bl e : =i —1.033E+02
—6EFE0—— e — B EOBEHT
T 5.590E03 — 6 BGE+H1

T4 AREDS ——5.165E+01

33303 — 3. 443E+01
1.722E+N
e 0.000E-+00

= 22bE03 E
e _ =
[1-1 U= L_.—-——— =
3APEE-11 .

Max = 1.549E+02

Mode 1050853

Min = 0.000E+00
/| Mode 110935

i AN

15 O assystem




Dynamic analysis of ships steering gear

Assessment

e Extract forces at actuators and top taper
e Compare against rating

C_ontour Plat Madel info: TRY33_run11
1 SE+006 Displacement(Mag) Result: C:/Projects/P14740_anim/TRY33/run11/TRY33_run11A001
40737 port_tiller_outboard_sctustor_3340737 - F1-NORMAL FORCE Analyssfgéﬁfm Loadcase 1 - Time = 0.0000e+000
— — 3340736 port_tiller_inboard_actuator_3340736 - F1-NORMAL FORCE {1 TEHD Frame 1
1. 23E+006 | |
1.206E+02
—1.033E+12
1E+005 —8.603E+
—FB.886E+
5. 165EHI
7 SE+005 3.443E+1
1.722E+1
0.000E+00
SE+005+
Max = 1 .549E+2
2 Mode 1050353
o 2.5E+005 hin = 0.000E+0
= Maode 11093
=
=
= UL
]
-2 5E+005+
-5E+005
-7 SE+005+
2
AE+006
A 25E+006 ! ! ! ! ! ! g
a 001 002 003 004 005 0.06 007 «

16 O assystem




Dynamic analysis of ships steering gear

Assessment

e Extract relative displacements at seal
e Check seal integrity

M"l —— — Gsthd_12_1165447_4049653 - LY -ELONGATION v |
2 / D / . -
Lo
Yo /
1 ~ f/ \\ f
g, Y e, Fib
27 \ A )
c}% 1 \u\ 68 4 4 / ]
_ e
sy \ r S
(e
2.
-3
-4
-5

0 o 0.02 003 004 00s 0.08

B Mo result

Contour Plot

Displacement(Mag)
Analysis system

1.549E+12
!:1 377EHD2
=—1.206E+12
— 1.033E+02
—0.603E+H1
—B.B86E+1
5. 165EH]

—3. 443+
[1 F22EH1
0.000E-+00

Wax = 1.549E+02

Mode 10560853

Min = 0.000E+10
i Mode 1109385

Madel info: TRY33 run1

Result: C:/Projects/P14740_anim/TRY 33/ run1 1/TRY33_run11A001

Loadease 1 : Time = 0.0000e+000
Frame 1

OUN assystem



Dynamic analysis of ships steering gear

Design Improvements

e The initial design of the rudder carrier showed excessive plasticity in the lower
legs produced by a bending moment resulting from impact between the
rudderstock and carrier. Topology optimisation was employed to improve the

design.

Rudderstock impacts inner Orkot
bearing at top of carrier with force 'F'.

This produces an overturning moment
‘M' at the base of the rudder carrier,
this is reacted by the bolt group and the
legs of the carrier.

| DEFORMATION X 5 |

Red shows regions of carrier with
equivalent plastic strain greater than
0.2%.

There is through-wall yielding at the
base and shoulder of the rudder carrier.
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Dynamic analysis of ships steering gear

Conclusions

e The rudder welded and case components within the client scope of supply meet
the requirements for longitudinal, athwartships and vertical shock. Some
localised plasticity is predicted, but this will not affect the continued operation.
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